Simultaneous observations of microlensing events from multiple locations allow for the breaking of degeneracies between the physical properties of the lensing system, specifically by exploring different regions of the lens plane and by directly measuring the "microlens parallax". We report the discovery of a 30-55M J brown dwarf orbiting a K dwarf in microlensing event OGLE-2015-BLG-1319. The system is located at a distance of ∼5 kpc toward the Galactic bulge. The event was observed by several ground-based groups as well as by Spitzer and Swif t, allowing the measurement of the physical properties. However, the event is still subject to an 8-fold degeneracy, in particular the well-known close-wide degeneracy, and thus the projected separation between the two lens components is either ∼0.25 AU or ∼45 AU. This is the first microlensing event observed by Swif t, with the UVOT camera. We study the region of microlensing parameter space to which Swif t is sensitive, finding that while for this event Swif t could not measure the microlens parallax with respect to ground-based observations, it can be important for other events. Specifically, for detecting nearby brown dwarfs and free-floating planets in high magnification events.
Introduction
The Spitzer 2014 and 2015 microlensing campaigns have revolutionized the microlensing field. The satellite observations of over 200 events that were discovered and monitored simultaneously by ground-based surveys facilitated the systematic measurement of the microlens parallax, π E , for the majority of the events -a crucial quantity for determining the physical properties of the lensing system. Simultaneous ground and space observations of microlensing events were conducted only twice prior to these campaigns, once with Spitzer (Dong et al. 2007) , and once with the Deep Impact (or EP OXI) spacecraft (Muraki et al. 2011) . The 2014-2015 Spitzer campaigns have already led to the detection of two planets (Udalski et al. 2015b; Street et al. 2016) , the first caustic-crossing binary-lens event with a satellite parallax measurement (Zhu et al. 2015c ), a massive remnant in a wide binary (Shvartzvald et al. 2015) , and mass measurements of isolated objects (Zhu et al. 2015a ) -one of which is a brown dwarf (BD). In addition, Spitzer observations allowed Bozza et al. (2016) to break a strong planet/binary degeneracy in the event OGLE-2015-BLG-1212, finding that the companion is a low-mass star and not a planet. These campaigns are the first steps for measuring the Galactic distribution of planets (Calchi Novati et al. 2015a ), a demographic regime that can currently only be explored by microlensing.
A microlensing event is characterized by the Einstein timescale t E , which combines three physical properties of the lens-source system,
8.14 mas M .
Here θ E is the angular Einstein radius, M is the total lens mass, π rel = AU(D −1
S ) is the lens-source relative parallax, and µ is the lens-source relative proper motion. Although the timescale will be approximately the same, the light curve of a microlensing event as seen from two (or more) separated observers (e.g., from Earth and space) is different, due to either a different observed source trajectory, a time shift, or both (Refsdal 1966; Gould 1994) . Since the physical separation between the two observers (D ⊥ ) is known, this directly yields the microlens parallax, π E = AU D ⊥ (∆τ, ∆β); ∆τ = t 0,sat − t 0,⊕ t E ; ∆β = ±u 0,sat − ±u 0,⊕ ,
where the subscripts indicate parameters as measured from the satellite and Earth. Here, (t 0 , u 0 , t E ) are the standard "Paczyński" point-lens microlensing parameters: time of minimal separation between the source and the lens, the impact parameter in angular Einstein radius units, and the event timescale. Different observed source trajectories will increase the probability of detecting companions to the lens star, by exploring different regions of the lens plane (Zhu et al. 2015b ). However, due to the symmetry of the problem it usually suffers from a four-fold degeneracy (in ∆β, see Eq. 2). As pointed out by Refsdal (1966) and Gould (1994) , observing the same event from a third location can resolve this problem.
If the third observer is not on the projected line (with respect to the lensing event) defined by the first two observers, it can completely remove the microlens parallax degeneracy, both in magnitude and direction. Even if the third observer is on the same projected line but has a different separation than the first two, it will likely view a different source trajectory. In addition, it will be sensitive to different microlens parallax magnitudes (if the separation is too large, the magnification for one of the observers can be too low for the event to be detected).
Here we present the analysis of OGLE-2015 -BLG-1319 . This is the first microlensing event observed by two space telescopes, Spitzer and Swif t, and from ground. The ground light-curve shows a short anomaly over the peak due to a companion, and the parallax measurement from Spitzer allow us to determine that it is a BD. This additional BD detection provides supporting evidence for a conclusion previously drawn from microlensing studies, that BDs might be common at separations of a few AU (Shvartzvald et al. 2016) . The small separation of Swif t from Earth did not allow for an independent measurement of the microlens parallax for this specific event. However, as we discuss further below, it might be possible to measure the microlens parallax with Swif t alone in other events.
The paper is arranged as follows: we describe the observations from the ground-based observatories and from Spitzer and Swif t in Section 2. In Section 3, we present the microlensing model and try to resolve the degeneracy of the projected separation between the companion and its host. In Section 4, we use the color-magnitude diagram (CMD) to characterize the source properties and combine them with the microlensing model to derive the lens physical properties. We study the feasibility of using Swif t to measure the microlens parallax in Section 5. Finally, in Section 6, we summarize our results.
Observational data and reduction

Ground observations
The microlensing event OGLE-2015-BLG-1319 was first alerted on June 11, 2015, 19:44 UT by the Optical Gravitational Lens Experiment (OGLE), which operates the 1.3m Warsaw telescope at the Las Campanas Observatory in Chile (Udalski et al. 2015a) , using the OGLE Early Warning System (EWS, Udalski 2003) . At equatorial coordinates RA = 17:57:46.4, Dec = −32:28:19.9 (J2000.0), the event lies in OGLE field BLG508, which has a relatively low observing cadence of 0.5-1 times per night. Most observations were in I band, with additional sparse V band observations for source characterization. OGLE photometry was extracted by their standard difference image analysis (DIA) procedure (Udalski 2003) .
The event was also observed by the Microlensing Observations in Astrophysics (MOA) collaboration, who operate the 1.8m MOA-II telescope at the Mt. John Observatory in New Zealand (Sumi et al. 2003) , and designated as MOA-2015-BLG-292. Observations were in the "MOA-Red" filter (a wide R/I filter), with a cadence of 1-5 times per night. The MOA data were reduced using their routine DIA procedure (Bond et al. 2001 ).
The Spitzer team selected and announced OGLE-2015-BLG-1319 as a Spitzer target on June 25 UT 2:00 (HJD'=7198.58) and aggressively alerted it as being an extreme high-magnification event in the following days. Based on these alerts, sustained follow-up observations were carried out. First, the RoboNet team observed the event using 5 telescopes from the Las Cumbres Observatory Global Telescope (LCOGT) in Chile, South Africa, and Australia. These observations were designed to increase the planet sensitivity by obtaining continuous coverage of the entire peak region. Most observations were in I band, and a few with V band. While these were not used for the source color characterization, they allow for a better coverage of the light curve. LCOGT data were reduced using DanDIA (Bramich et al. 2008 ). The MiNDSTEp team followed the event using the Danish 1.54-m telescope hosted at ESO's La Silla observatory in Chile, which is equipped with the first routinely operated multi-color instrument providing Lucky Imaging photometry (Skottfelt et al. 2015) . The camera was operated at a 10 Hz rate and lucky exposures were calibrated and tip-tilt corrected as described by Harpsøe et al. (2012) . The stacked images were used for obtaining photometry with a modified version of DanDIA. In addition, the event was observed by the Microlensing Follow Up Network (µFUN) 0.35m telescope at the Possum Observatory in New Zealand and by the µFUN 0.3m Perth Exoplanet Survey Telescope (PEST) in Australia, both with a "clear" filter. These observations densely cover the first bump. Finally, the event was also observed by the µFUN 1.3m SMARTS telescope at CTIO, with ANDICAM, giving simultaneous I band and H band measurements (a few additional V band observations were taken). This multi-filter imaging was important for the source characterization, complementing the OGLE observations. All µFUN data were reduced using DoPhot (Schechter et al. 1993 ).
In summary, the results reported here depend overwhelmingly on follow-up data, both to cover the anomaly and for color information of the source, which makes it possible to both detect and characterize the lens companion.
Spitzer observations
The Spitzer team modeled and predicted the evolution of all ongoing microlensing events, on a daily-basis, prior to and during the six weeks of the 2015 campaign. The team realized the high-magnification nature of OGLE-2015-BLG-1319, and thus its potential high planet sensitivity, from preliminary OGLE and MOA data, when the event was only 1.4 magnitudes brighter than the baseline (ultimately getting 4.4 mag brighter than base -see Figure 2 ). Yee et al. (2015) describe the Spitzer selection criteria and observing strategy for such events. Since the event was in a low-cadence OGLE field and was not observed at all by KMTNet, it failed to meet criterion B2, and thus could not be selected objectively. In addition, the estimated flux in Spitzer's L band on the date of first possible observations (six days later on HJD'=7205) and beyond, assuming the ground-based light curve, was too faint, L eff > 15.9 (see definition in Yee et al. 2015) . Nevertheless, the team selected the event subjectively due to its predicted high magnification, immediately announced it as a Spitzer target, and urged the follow-up teams to monitor the event in order to have high planet sensitivity.
OGLE-2015-BLG-1319 was observed by Spitzer on the final two weeks of the 2015 campaign (July 3-19), with a cadence of 1-2 times per day, and with each epoch composed of six 30-second dithered exposures. The observations covered the peak of the event as seen from Spitzer, due to the microlens parallax, when the ground-based light curve was already almost back to baseline. The event was indeed faint in Spitzer images, reaching L eff = 15.9, fainter than the assumed sensitivity limit. However, the data were reduced using the new algorithm for Spitzer photometry in crowded fields (Calchi Novati et al. 2015b) , resulting in the required high precision. It is important to note that while the peak L eff was similar to the estimation based on the ground-based light curve, it occurred at a later time and with lower magnification than predicted. However, since the source color (I − L) S,0 = 1.35 (see Section 4.1 below) was redder than the default assumption for dwarfs of 0.8 by Yee et al. (2015) , coincidentally, the final brightness was similar.
Swift observations
Based on preliminary estimates for the peak magnification of A ∼ 1000 and first hints of anomaly over peak, RS requested ToO observations of OGLE-2015-BLG-1319 with Swif t. Observations were approved and carried out on June 27, 28, and 29 using the UVOT camera with the V filter. Each of the three Swif t epochs is composed of a sequence of 3 exposures (200s, 200s and 90s) . For the first epoch we use each image separately, while for each of the other two epochs we use a co-added image. The photometry was extracted using DoPhot. This is the first microlensing event observed with Swif t. Figure 1 shows the co-added image for each epoch. The event is clearly seen in the first epoch, when the event was highly magnified as seen from Earth, and is marginally detected in the other two epochs, when the event was almost 2 magnitudes fainter. While these observations cannot set significant constraints on the microlensing model, in particular on π E , they allow us to study the feasibility of Swif t observations for microlensing events, as we do below in Section 5.
Light Curve Analysis
Ground-only microlensing model
The light curve of the event, shown in Figure 2 , has one "double-bump" anomaly over its peak, while the remainder follows a standard point-lens high-magnification profile. These features suggest that the source passes near a central caustic with two possible topologies. Either the source approached close to two cusps of a binary lens system (see Figure 3 ), or three cusps of a planetary system, on the opposite side of the planet. Han & Gaudi (2008) studied the planet/binary degeneracy in such double-bump high-magnification events and showed that if the source passes close enough to the cusps, the light curve will have a characteristic feature distinguishing between the two solutions: the planetary model will show a flattening between the two bumps while in the binary model it will have a concave shape. The smooth curved interval between the two bumps seen in OGLE-2015-BLG-1319 thus clearly favors the binary solution.
A standard binary-lens microlensing model requires seven parameters to calculate the magnification as a function of time, A(t). In addition to the point-lens parameters, (t 0 , u 0 , t E ), and the scaled finite source size, ρ = θ * /θ E (where θ * is the angular source size), the companion introduces three parameters. These are the mass ratio between the companion and the primary, q, their scaled, instantaneous projected separation in units of the angular Einstein radius, s, and an angle, α, measured counter-clockwise from the source trajectory to the companion in the lens plane. For a given model geometry, two flux parameters are assigned for each dataset, i, accounting for the source flux, which is being magnified, f s,i , and any additional blend flux, f b,i :
A Markov-chain Monte-Carlo (MCMC) search of parameter space, with a grid of initial angles of 0
• < α < 360
• , for both the planetary and binary configurations was used to find the best fit model. For the initial modeling we use only u 0 > 0 and s > 1 to avoid possible degenerate solutions, which we address and consider later. For each set of trial parameters, we fit points far from the two bumps using the hexadecapole, quadrupole, or monopole approximations (Pejcha & Heyrovský 2009; Gould 2008) , while for points near and during the anomaly we use contour integration (Gould & Gaucherel 1997) . For the finite source size we assume a limb-darkened profile with a linear coefficients of u(V, I, H) = [0.782, 0.607, 0.425] (Claret 2000) , based on the source type derived below in Section 4.1. We find, as expected, that the binary model is favored over the planetary model by ∆χ 2 ∼ 300. Dominik (1999) and Bozza (2000) predicted that for Chang-Refsdal lenses there is an s ↔ s −1 wide/close degeneracy. We search and find a close solution (s 0.08) that is degenerate with the wide one (s 14).
The mass ratio we find is q 0.08, suggestive of a low-mass stellar companion. The event was highly magnified (A max 725) and had a long timescale of t E ≈ 100d. For such a timescale, the orbital microlens parallax due the orbital motion of Earth can be detected, but since it was heavily blended (f s /f b 0.1) it appeared magnified for only ∼ 40 days. Including orbital parallax improves the fit by only ∆χ 2 = 6, which is within our systematic uncertainty range (see 3.3), and thus we do not consider it as a detection. We next include Spitzer data and fully constrain the microlens parallax.
Satellite microlens parallax
Observations by two fixed observers introduce a four-fold degeneracy, as discussed above. If the microlens parallax can be detected separately in one or both of the observed light curves, due to the orbital motion of the observer, the degeneracy can be completely removed. Since the orbital parallax is only marginally detected in the ground-based light curve of OGLE-2015-BLG-1319, when including Spitzer, we re-run the MCMC process with all four possibilities for both the wide and close configurations. In addition, we include a constraint on the Spitzer source flux, f s,Spitzer , derived from color-color regression (see Section 4.1 below).
The results find that indeed the eight possible solutions, the four-fold satellite degeneracy for both the wide and close configurations, are fully degenerate. The microlens parallax components are roughly the same for all solutions since the impact parameter, u 0 , as seen from Earth, is very close to zero (see Gould & Yee 2012) . The magnitude of the microlens parallax is π E 0.12, with 4-8% uncertainty. As a check, we run the chains without the Spitzer flux constraint. We find that the median I OGLE − L Spitzer source color is similar to the one derived from regression, but the source-color distribution from the MCMC is wider than the constraint uncertainty. This would imply a 10-20% uncertainty on the microlens parallax magnitude in the absence of the flux constraint. Table 1 summarizes the derived model parameters and their uncertainties for the eight degenerate solutions. While in this case, the satellite degeneracy has no importance for the physical interpretation of the lensing system, the wide/close degeneracy suggests two significantly different orbital periods for the companion. We next try to resolve this degeneracy.
Close/Wide degeneracy
A binary lensing system with projected separation significantly different from the angular Einstein radius can be approximated as a circularly symmetric system with a weak perturbation potential. An (2005) studied this symmetry and its implication on binary-lens microlensing light curves and found an analytic form to convert between a set of (s close , q close ) to their degenerate pair (s wide , q wide ). The degeneracy is more severe when s 1 or s 1, i.e., far from the resonant caustic topology. The projected separation of OGLE-2015-BLG-1319 is s 0.08 (or s 14), which is securely in the highly degenerate regime.
A possible way to distinguish between the two degenerate solutions is by detecting the projected orbital motion of the companion. This requires two additional parameters representing the evolution of the companion's position (angle and separation) during the event, dα/dt and ds/dt. For a single observer these are commonly degenerate with the microlens parallax, since both can have similar signatures on the light curve. However, when considering two or more observers, as in our case, the microlens parallax information comes from a completely different and independent measurement, and thus they can easily be disentangled. The models of the wide and close configurations, when including orbital motion, will usually still be degenerate (or very close to it), thus neither can be favored by goodness-of-fit tests. However, they can be distinguished by energy considerations. Each solution implies a certain ratio of the projected kinetic to potential energy (Dong et al. 2009 ),
where
The typical ratio is β ∼ O(0.4). The main observables that are different between the wide and close models, in the limit of low q, are (s, ds/dt, dα/dt) (θ E will also be different by ∼ √ 1 + q). Since the rate of position change should be very similar, giving approximately the same γ 2 , the dominant difference will be due to s. The strong dependence on the projected separation and the s ↔ s −1 nature of the wide/close degeneracy suggest β wide /β close s 6 . Thus, if the close solution has a typical value, the wide solution will give β 1, an unphysical solution. Conversely, if the wide solution has a typical energy ratio, then the close solution will have β 1, which has a negligible probability (the probability distribution follows β 2 ).
We include the possibility of orbital motion in the eight solutions for OGLE-2015-BLG-1319. For the wide solutions the fit is improved by ∆χ 2 = 17 and for the close solutions by ∆χ 2 = 6. The projected energy ratio for the wide solutions is β wide = 3.6 × 10 5 and for the close solutions is β close = 0.7. Thus, while the wide configuration gives a better fit, it is ruled out by physics and therefore shows that systematic errors are possible at the ∆χ 2 = 11 level. Hence, the improvement for the close solution is not believable. Even if we ignore systematics, the ∆χ 2 = 6 improvement is too weak to reliably claim a detection. We conclude that orbital motion cannot be reliably detected and so the wide/close degeneracy remains.
Physical properties
The mass and distance of the lensing system can be derived from the microlens parallax and the angular Einstein radius,
These allow us to translate the mass ratio and the scaled projected separation between the two companions to absolute physical values. While π E is a direct observable, the angular Einstein radius θ E is derived from the scaled finite source size (found from the light curve model) and the angular size of the source (found using the CMD) by θ E = θ * /ρ.
Color-magnitude diagram
The source properties can be derived from its position on a CMD. We construct a CMD of objects within 90 of the event's position (Figure 4 ), using OGLE instrumental V -band and I-band magnitudes. We estimate the centroid of the "red giant clump" (RGC) to be at (V − I, I) cl,ogle = (1.94, 15.68) and compare it to the intrinsic centroid of (V − I, I) cl,0 = (1.06, 14.51) derived by Bensby et al. (2013) and Nataf et al. (2013) for the Galactic coordinates of the event, (l, b) = (−1.7, −4.0). The source baseline OGLE I-band magnitude as inferred from the microlensing model is I s,ogle = 21.50±0.06, and assuming it is behind the same dust column as the red clump, its intrinsic magnitude is I s,0 = 20.33 ± 0.06. This is one of the faintest sources ever reported in microlensing.
It is important to determine the source (V −I) color for two reasons. First, this quantity enters into the measurement of the angular source size θ * . Second, it is needed to estimate the I − L Spitzer source color, via a V IL color-color diagram derived from nearby field stars.
A standard way to determine the instrumental (V − I) s color is from regression of V versus I flux as the source magnification changes. We apply this technique to OGLE data and find (V −I) s,ogle = 1.87±0.07, from which we derive (V −I) s,0 = 1.00±0.07 by correcting to the clump offset found above. Note that we must also account for the fact that the OGLE instrumental (V − I) is a factor of 1.09 larger than standard. This measurement suffers from two separate potential problems. First, the error is relatively large. Second, almost all the information in the regression comes from a single, significantly magnified V point and so could be subject to systematic errors. Therefore, we also measure (V −I) s,0 using a second method. We apply regression to determine the instrumental (I − H) s,ctio = 0.67 ± 0.01 from I and H data taken simultaneously at SMARTS CTIO. We then used a V IH color-color relation derived from all stars in our field to infer an instrumental (V − I) s,ctio = 1.64 ± 0.03. Then, comparing to the instrumental clump (V − I) cl,ctio = 1.69, we derive (V − I) s,0 = 1.01 ± 0.03.
Combining the two measurements yields (V − I) s,0 = 1.01 ± 0.03. Using standard color-color relations (Bessell & Brett 1988 ) and the relation between angular source size and surface brightness, derived by (Kervella et al. 2004 ), we find θ * = 0.38 ± 0.02 µas.
Before applying the V IL color-color relation (using OGLE-IV and Spitzer−L) to derive the (I −L) s color we convert the (V −I) s,0 color back to the OGLE system, i.e., (V −I) s,ogle = 1.88 ± 0.03. We then use red giant branch stars (I ogle < 18 ; 1.7 < (V − I) ogle < 2.3), which are a good representation of the bulge star population, to derive the color-color relation and find the source instrumental color, (I ogle − L Spitzer ) s = 1.54 ± 0.07. As a check, we also fit with a larger set including most stars (I ogle < 20 ; 1 < (V − I) ogle < 3) and find a compatible color 1.51 ± 0.02.
Any light from the lensing system is superposed on the microlensing event and is a part of the blending flux. Therefore, the blend flux sets an upper limit on the lens flux, giving an additional constraint to the physical properties of the lensing system. The high blending fraction in OGLE-2015-BLG-1319 suggests that the lens star might dominate the blended flux. If so, it can have an additional application. For example, one can measure the radial velocity of the lens star (Boisse et al. 2015; Yee et al. 2016) , which can be a complementary way to break the wide/close degeneracy. Subtracting the source color and magnitude from the total baseline fluxes gives (V − I, I) blend,ogle = (2.16, 19.04). If we assume that the blend is behind all the dust, which for the direction of the event means it is at 3 kpc (Green et al. 2015) , we find (V − I, I) blend,0 = (1.26, 17.87). We next derive the physical properties of the lensing system and show that the lens cannot be the dominant source of the blend light.
Another brown dwarf in the desert?
Table 2 summarizes the physical properties derived for each of the eight degenerate solutions. The results span a relatively narrow range for each of the properties, but one that is still wider than the uncertainties of each of the solutions, therefore we discuss the full 1σ range of all results.
The angular Einstein radius we find is θ E =0.54-0.78 mas. The relative proper motion between the source and the lens is µ hel =1.8-2 mas/year. This is smaller than what is typical for disk lenses, and moreover the direction is also peculiar. Converting the relative proper motion to the local system of rest (LSR), we find two solutions (corresponding to ±π E,N ) µ LSR (l, b) = (−1.9, 0.6) mas/yr or µ LSR (l, b) = (−0.1, 1.8) mas/yr. Since the typical value is µ LSR (l, b) = (6.5, 0.0) ± (2.9, 2.8) mas/yr, the probabilities for the solutions are only 2% and 6%, respectively.
The host lens is a 0.44-0.8 M star and the system is at a distance of 4.6-5.1 kpc. These suggest a K dwarf host fainter than I l,0 > 18.4. Therefore, the lens star is not the dominant source of blend light. The companion is a 30-55 M J BD, with two possible solutions for the projected separation due to the wide/close degeneracy, of either 0.23-0.28 AU or 40-52 AU. The close solution suggests that the BD is inside the the "brown-dwarf desert" (e.g. Grether & Lineweaver 2006) . We discuss this possibility below in Section 6.
Swif t feasibility of microlens parallax measurements
The microlens parallax sensitivity of a satellite depends on its projected separation from Earth, the photometric precision, and the underlying event microlens parameters, mainly u 0 , t E and π E . In the case of a low-Earth-orbit satellite such as Swif t (∼600 km from the surface of the Earth), the separation might be too small to detect the parallax signal in a typical event (Honma 1999; Gould 2013) . Recently, Mogavero & Beaulieu (2016) showed that a low-Earth-orbit satellite can be used to discover free-floating planets down to the mass of the Earth, i.e., with short timescales of t E < 1 days, for impact parameters of u 0 < 0.1 (i.e., A max > 10). They assumed a continuous 3-minute cadence with a σ m = 0.01 mag photometric precision at baseline, while Swif t has only σ m = 0.1 mag precision at V 17.3 mag (for 3-minute exposures), which corresponds to RGC bulge stars. Most microlensing sources are 3-4 magnitudes fainter at baseline. Even for RGC sources, the magnification needs to be >100 times higher (i.e. u 0 < 10 −3 ) in order to compensate for the photometric precision (though for such giant sources the finite source size starts to limit the maximal magnification for such impact parameters).
In the case of OGLE-2015-BLG-1319, the microlens parallax could not be detected with Swif t data. However, it can be used as a first test case for such measurements. In particular, the microlens parallax was measured by Spitzer, so we know what the Swif t light curve should look like. Although it was a high magnification event with A max ∼ 725, it was also heavily blended and with a long timescale of ∼ 100 days. The projected Einstein radius r E = AU/π E was 7.7 AU, several orders of magnitudes larger than Swif t distance from Earth. The event was bright enough (V < 16.5) to obtain sufficient photometric precision for only 10 hours, and it was observed for only 10 minutes during that time, with three consecutive observations. The field was visible from the satellite for ∼50 minutes every orbit of 96 minutes. Figure 5 shows the model of the event as seen from Earth and from Swif t. It includes Swif t measurements and highlights, in thick lines, the regions where the field was visible from the satellite. It is clear that Swif t could not detect the parallax signal. The wave-like feature between the two light curves, mainly seen around the first bump, is due to the varying projected separation of Swif t. Identifying this feature in future events can be important, allowing for the detection of microlens parallax from relatively short portions of the light curve, when the precision is sufficiently high.
A study of Swif t feasibility for measuring the microlens parallax, extending the work by Mogavero & Beaulieu (2016) , requires taking into account the Swif t specifications (photometric precision, bulge visibility from its orbit) as well as more extreme parallax cases. Mogavero & Beaulieu (2016) assumed a single (typical) value for π rel and µ. Under these assumptions, a given t E sets the mass of the lens and the magnitude of π E . For more extreme values of π rel and lens mass one can get much larger π E , to which Swif t might be sensitive. In addition, Mogavero & Beaulieu (2016) concluded that visibility gaps in the light curves will not significantly alter the parallax sensitivity, while for high magnification events the effective time is of order of minutes thus it is very sensitive to the ∼45 minutes visibility gaps.
To show Swif t's potential for measuring microlens parallaxes we use the extreme microlensing event OGLE-2007-BLG-224 (Gould et al. 2009 ) for which terrestrial parallax was measured. The lens star was a 58±4 M J BD at a distance of 525±40 pc implying a large microlens parallax of π E = 1.97 ± 0.13. The source baseline magnitude was V S = 20.58 and the event reached a high magnification of A = 2452 (i.e., V peak = 12.11 mag). Figure 6 shows the peak of the event as it would have hypothetically seen by a geocentric observer and from Swif t during its 50-minute visibility window. The left panels show the two light curves and their difference if the geocentric t 0 was at the middle of the Swif t visibility window and the right panels for a geocentric t 0 thirteen minutes earlier. The difference is clear in both possibilities but significantly larger if the visibility window happened to be centered on the geocentric t 0 , with maximal difference of ∆mag=0.17 (only ∆mag=0.09 for the offset case), showing the large sensitivity to the exact time of peak during the visibility window.
We sample the Swif t light curve with a 90-sec cadence and use UVOT signal-to-noise tool 1 to estimate the photometric precision for each point. The crowded fields of the bulge could potentially result in larger errors. However, we calculated the V magnitude rootmean-square (RMS) of all stars in our six 200-sec Swif t images of OGLE-2015-BLG-1319 and found that the RMS distribution agrees well with the UVOT tool estimates for 200 sec exposures. (We note that for the bright V magnitudes OGLE-2007-BLG-224 reached, the coincidence loss correction needs to be taken into account). We then calculate the χ 2 between the 32 Swif t points and the geocentric light curve and find χ 2 = 931 for the centered observations and χ 2 = 670 for the offset ones, thus easily detected in both cases. Observations on the adjacent visibility windows would not improve the detection since the photometric precision is >20 larger than the parallax signal at those regions. The differences between the two light curves vary around the maximal differences with timescales of minutes, and therefore the parallax signal is also sensitive to the exposure time (see for example the data point at the maximal difference on panel b of Figure 6 ). To check this we also sampled the light curve with 180-sec exposures and find that the χ 2 is smaller by 30.
The Swif t feasibility can extend also to nearby free-floating planets. The microlens parallax magnitude will be bigger than that of BDs but the peak magnification will be lower, limited by the finite source effects. The duration of the signal over the peak will be similar since it is dominated by the source crossing time t * = θ * /µ. Finally, we note that Swif t might be able to detect the parallax signal during caustic crossings (in particular the caustic exits) of bright binary events (analogous to the original idea presented by Honma 1999) which are much more common, and with real-time light curve modeling can be predicted in advance to trigger Swif t. A thorough study of Swif t microlens parallax sensitivity will be conducted in Street et al. (in preparation) .
Discussion
We have presented the detection, via simultaneous observations from ground, Spitzer and Swif t, of a BD orbiting a K dwarf with two degenerate solutions for the projected separation. This BD adds to other microlensing-detected BDs in a variety of physical configurations. Han et al. (2016) summarizes the 15 published microlensing events with BDs prior to OGLE-2015-BLG-1319. This list includes one BD hosting a planet, ten BDs around main sequence stars (nine around M dwarfs and one around G-K dwarf), two binary BD systems, and two isolated BDs. These were discovered through different surveys with different detection efficiencies, making it difficult to derive a statistical conclusion from them (though see Ranc et al. 2015) . In addition, more than half of the published BDs with companions were discovered due to central caustic anomalies. Therefore, the majority of these suffer from the wide/close degeneracy, which leads to a degeneracy in their derived projected separation. Nevertheless, the accumulation of detections suggests that BDs around main-sequence stars are not rare at separations of 0.5-20 AU, where microlensing is sensitive (this range is larger than for exoplanets due to higher detection sensitivity). This is in contrast to estimates through other techniques, such as radial velocity and transit, who find that BDs are rare (< 1%, Grether & Lineweaver 2006 ) at closer separations. One possible explanation for this difference, as suggested by Shvartzvald et al. (2016) , is the different host stars that are mostly probed by each technique -FGK stars by radial velocity and transits versus M stars by microlensing.
The event was part of the 2015 Spitzer campaign and was the first to be observed simultaneously from two space telescopes. Kepler follows the path started by Spitzer and is now conducting, as campaign 9 of its K2 mission (K2 C9), the first space microlensing survey (Gould & Horne 2013; Henderson et al. 2015) . The K2 C9 fields are monitored continuously from ground, both to increase the planet sensitivity and to enable the measurement of the microlens parallax of all events in those fields. In addition to detecting bound companions (planets, binaries, stellar remnants), this will be the first opportunity to measure the masses of free-floating planets, which are identified by their short timescales, of-order 1 day. Such events cannot be observed from Spitzer, which requires target uploads at least 3 days before observations. Triple-location observations, such as conducted for OGLE-2015-BLG-1319, are planned with Spitzer and Kepler, monitoring events in the K2 C9 fields during the last 10 days of the Kepler campaign, when both satellites can observe the bulge (see discussion in Calchi Novati & Scarpetta 2015) .
For the first time, Swif t was used to observe a microlensing event and was able to detect the event while it was magnified. The unique target-of-opportunity override capability of the Swif t spacecraft is, by design, ideal for the observation of transient variables of all kinds and in particular for microlensing. However, the microlens parallax could not be measured with Swif t data for this event. From our preliminary study of Swif t's ability to detect the microlens parallax signal we find that it is sensitive to nearby BDs and free-floating planets in high magnification events (A > 1000). If the lens in our example of OGLE-2007-BLG-224 was a free-floating super-Jupiter rather than a BD, with all other characteristics of the event identical, Swif t could have significantly detect (χ 2 = 430) the microlens parallax signal with continuous 90-sec exposures over a 50-minute visibility window centered on the peak of the event. Such nearby (∼500 pc) massive free-floating planets could be directly imaged with JW ST (for ages 1 Gyr), and would possibly allow to study their formation mechanism and environment. HJD"=HJD-2457200 Table 2 : Physical properties of the binary system for the eight degenerate solutions.
0.54 Fig. 1 .-Co-added UVOT images for the three epochs when the event was observed with Swif t (on June 27, 28, 29, from left to right). This is the first time Swif t observed a microlensing event while it was ongoing, with magnifications of 530, 90, and 50. The event is clearly seen and detected only on the first epoch, when it was V = 16.6. -The source trajectory as seen from ground (blue) and from Spitzer (red) relative to the central caustic (green), for the wide -/+ configuration. The coordinate system is defined such that the x-axis is parallel to the source trajectory as seen from the ground at t 0 . The red circles represents the source position at the times of Spitzer observations. The inset is a zoomed-in version showing the source angular size (blue circles) for two (arbitrary) times, as seen from the ground. For solutions with u 0 > 0, the caustic structure and the ground trajectory will be (approximately) mirrored, and for solutions with π E,N < 0 the Spitzer trajectory will be (approximately) mirrored, in both cases around the y-axis. The offset between the red clump centroid (red) and the source star (blue) allow us to derive the source angular radius θ * . The total "blend light" (green), which is composed of the light from the lens and additional unrelated stars in the OGLE PSF, is also marked. From the derived mass and distance of the lens star we find that the lens is not the dominant object of the blend. . The thick lines show the 50-minute windows during which the event was visible from Swif t, and the magenta diamonds are the three measurements during the first epoch. The wave-like structure between the models due to the varying projected separation of Swif t allows, in principle, for the detection of the microlens parallax. However, the maximal difference in the case of OGLE-2015-BLG-1319 was only 0.006 mag (at the first bump). Even if the event were observed at that time, the Swif t precision was not sufficient to constrain the microlens parallax π E . showing that the Swif t feasibility to measure the microlens parallax is very sensitive to the exact time of peak during the visibility window. The black circles are hypothetical 90 sec exposure data points with the expected Swif t precision as their errors. In both cases the microlens parallax is detected, with χ 2 = 931 for panel b and χ 2 = 670 for panel d. Since the variations are on timescales of minutes, especially near the maximal differences, the signal is marginalized over the exposure time. This can be seen by the data point at the peak of panel b. For 180 sec exposures, while the photometric precision is better, the overall χ 2 is smaller by 30.
